Adult's simple-arithmetic strategy use depends on problem-related characteristics, such as problem size and operation, and on individual-difference variables, such as working-memory span. The current study investigates (a) whether the effects of problem size, operation, and working-memory span on children's simple-arithmetic strategy use are equal to those observed in adults, and (b) how these effects emerge and change across age. To this end, simplearithmetic performance measures and a working-memory span measure were obtained from 8-year-old, 10-year-old, and 12-year old children. Results showed that the problem-size effect in children results from the same strategic performance differences as in adults (i.e., size-related differences in strategy selection, retrieval efficiency, and procedural efficiency). Operationrelated effects in children were equal to those observed in adults as well, with more frequent retrieval use on multiplication, more efficient strategy execution in addition, and more pronounced changes in multiplication. Finally, the advantage of having a large working-memory span was also present in children. The differences and similarities across children's and adult's strategic performance and the relevance of arithmetic models are discussed.
. However, no study thus far used the combined approach (i.e., collecting self-reports and response latencies) to investigate which strategic sources contribute to the age-related decrease in the problem-size effect. We expected that age-related increases in retrieval use, retrieval efficiency, and procedural efficiency would be larger for large problems than for small problems (i.e., an age by size interaction).
Effects of operation on arithmetic strategy use.
Adult studies consistently show operation-related differences in both strategy selection and strategy efficiency (e.g., Campbell, 1994; Campbell & Xue, 2001; Hecht, 1999; Imbo, Vandierendonck, & Rosseel, in press) . Generally, retrieval is used more frequently in multiplication than in addition, whereas both retrieval and procedural efficiencies are higher in addition than in multiplication. The joint investigation of children's performance in addition and multiplication is rather scarce, however. Lépine, Roussel, and Fayol (2003) investigated 5 th graders' addition and multiplication verification performance SIMPLE-ARITHMETIC STRATEGY USE 5 (e.g., 2 + 3 = 7, true/false?). Although children did not have to report which strategies they used, Lépine et al. (2003) used priming techniques to infer which strategies the children used. Based on the observation that priming the operation sign (+ or x) reduced addition response times but not multiplication response times, they inferred that addition problems were generally solved by means of procedures whereas multiplication problems were rather solved by direct fact retrieval.
To test whether this operation-dependent effect on strategy selection changes across age, Lépine et al. (2003) compared their results with those obtained by Roussel, Fayol, and Barrouillet (2002) , who tested the same verification problems in adults. Apart from faster response times in adults than in 5 th graders, similar effects occurred in both age groups. Consequently, Lépine et al. (2003) conclude that addition and multiplication problems are solved similarly by 5 th graders and adults, i.e., by means of procedural and retrieval strategies, respectively.
The current study aimed to test (a) at what age these operation-related differences originate, and (b) whether or not these operation-related differences change across age. In contrast to Lépine et al. (2003) , who used a verification task without strategy reports, we used a production task with trial-by-trial strategy reports. Moreover, we tested three different age groups (2 nd , 4 th , and 6 th graders) whereas Lépine et al. tested 5 th graders only. The retrieval bias for multiplication over addition was expected to originate from 2 nd grade on. Indeed, as addition is taught already in 1 st grade, children in our study (2 nd , 4 th , and 6 th graders) should master this operation reasonably well. As multiplication is taught in 2 nd grade, the youngest children of our study were only starting to master this operation. Because multiplication performance is strongly based on direct fact retrieval, we expected larger increases in retrieval use for multiplication than for addition, and especially between 2 nd and 4 th grade. From 4 th grade on, we expected to observe the same operation-related differences in children as in adults; i.e., more frequent retrieval use in multiplication than in addition and more efficient strategy execution in addition than in multiplication.
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Effects of working-memory span on arithmetic strategy use. It has been shown that working memory, a memory system involved in concurrent maintenance and processing of information (Baddeley, 1996; Baddeley & Logie, 1999) , plays a significant role in adults' arithmetic performance (see DeStefano & LeFevre, 2004 , for a review on dual-task studies). Low-span adults have been shown to perform worse on arithmetic tasks than high-span adults (e.g., Jurden, 1995; Seyler, Kirk, & Ashcraft, 2003) , but it is not known whether this effect is due to individual differences in strategy selection, strategy efficiency, or both. Working memory in children has been studied in relation to mathematical disabilities (see Geary, 2004 , for a review); rather than in relation to its role in normally developing children. As respects strategy selection, higher working-memory spans have been linked with less frequent use of procedural strategies and more frequent use of retrieval strategies (e.g., Barrouillet & Lépine, 2005; Geary, Bow-Thomas, Liu, & Siegler, 1996; Geary, Hoard, Byrd-Craven, &, DeSoto, 2004; Noël, Seron, & Trovarelli, 2004; Steel & Funnel, 2001) . Working memory has also been related to strategy efficiency. Adams and Hitch (1997) observed faster arithmetic performance in children with higher workingmemory spans. Since no strategy reports were obtained, it is not clear whether working-memory span was correlated with both retrieval and procedural efficiency. Rasmussen and Bisanz (2005) observed that several working-memory measures together accounted for a substantial proportion of the variability in arithmetic performance (R² ≥ .40). Comparable results were obtained by Swanson (2004; Swanson & Beebe-Frankenberger, 2004) , who showed that working memory predicted solution accuracy of arithmetic word problems independent of other skill measures such as fluid intelligence, reading skill, math skill, and short-term memory. Comparably, Noël et al. (2004) observed that children's addition accuracy was not predicted by processing speed but that it was predicted by several measures of working-memory capacity. Finally, Barrouillet and Lépine (2005) observed that direct memory retrieval was faster in high-span children than in lowspan children.
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The current study investigated (a) whether working-memory capacity is differently correlated with children's strategy selection and strategy efficiency, and (b) whether the importance of having a large working-memory capacity stays equally important throughout the primary school years. Several predictions were made. Problem-answer associations in long-term memory can only be strengthened if both the problem and the answer are hold simultaneously active in working memory (e.g., Geary, 1993 Geary, , 1994 . Hence, poor working-memory resources may result in weaker and less accessible associations in long-term memory. Based on this reasoning, we predict more frequent retrieval use in high-span children than in low-span children. Second, since poor working-memory resources may lead to smaller amounts of available attentional resources, we predict more efficient retrieval use and more efficient procedural use in high-span children than in low-span children. Indeed, attentional resources are needed to activate items in long-term memory and to maintain this activation (Barrouillet, Bernardin, & Camos, 2004; Lovett, Reder, & Lebière, 1999) and to execute several subprocesses needed in procedural strategies (DeStefano & LeFevre, 2004) . Finally, we hypothesized that the advantage of having a large working-memory capacity would decrease with age. The latter prediction was based on previous findings arguing that cognitive resources are most important during the initial phase of skill acquisition whereas their role declines as facts become represented in long-term memory (e.g., Ackerman, 1988) .
Simple-arithmetic models. Finally, we also wanted to test whether arithmetic models are able to explain our results. One model that is especially relevant in the present context is the adaptive strategy choice model (ASCM) of Siegler and Shipley (1995) . In this model, people have several strategies available. When encountered with a simple-arithmetic problem, they will try to choose the fastest and most accurate strategy among all available strategies. However, people also set a confidence criterion, which determines how sure they must be to state a retrieved answer, and a search length, which determines how many attempts they will make to retrieve an answer before trying a procedural strategy to solve the problem. One will thus re-SIMPLE-ARITHMETIC STRATEGY USE 8 trieve the answer from long-term memory only if the problem can be solved fast and accurately with the retrieval strategy. Otherwise stated, the retrieval time may not exceed the search length criterion whereas the confidence criterion should be exceeded. If the retrieval strategy would provide a slow and/or incorrect answer (e.g., when a problem is associated with several possible answers in long-term memory) and thus exceeds the search length or does not exceed the confidence criterion, one will rather use a procedural strategy to solve the problem.
The ASCM also predicts the efficiency with which retrieval and procedural strategies will be executed. The efficiency of retrieval strategies depends on the number of searches in longterm memory. If the distribution of problem-answer associations is peaked (i.e., only one answer receives high activation), the correct answer will be retrieved very fast. If the distribution of problem-answer associations is flat (i.e., many answers receive activation), more time is needed to search the correct answer among several incorrect (but highly related) answers, which have to be inhibited. The efficiency of procedural strategies, in contrast, does not depend on the peakedness of problem-answer associations but on the difficulty of executing the particular procedural strategy. For example, the number of counts determines the efficiency of the counting strategy. In the current study, we explicitly tested this prediction of Siegler's model. More specifically, because both retrieval frequency and retrieval efficiency rely on the peakedness of problem-answer associations, it was hypothesized that retrieval frequency would be highly correlated with retrieval efficiency. However, because procedural efficiency does not rely on the distribution of problem-answer associations but rather on the number of steps to be executed, procedural frequency, or its component, retrieval frequency, should not be correlated with procedural efficiency.
The present study. To summarize, the purpose of the present study was to test whether the effects of problem size, operation, and working-memory span observed in children are similar to those observed in adults. We also wanted to test whether age-related effects in children can be compared with practice effects in adults. Several predictions were made. Since the mag-nitude of the problem-size effect decreases with age, we expected that the age-related increase in retrieval use and strategy efficiency would be larger for large problems than for small problems (i.e., an age by size interaction). Because multiplication procedures are more difficult to execute in comparison to addition procedures, children might be more motivated to remember multiplication facts. We thus expected larger increases in retrieval use and strategy efficiency for multiplication than for addition, and especially between 2 nd and 4 th grade (i.e., an age by operation interaction). Finally, we hypothesized that having a large working-memory capacity would correlate with more frequent retrieval use and more efficient strategy execution. However, the advantages of having a large working-memory capacity were expected to decrease with age.
Method
Participants Sixty children participated. They all attended the same elementary school in the Flemish part of Belgium. Twenty of them were in the 2 nd grade of elementary school (mean age: 8 years 0 months; 9 girls and 11 boys), twenty other children were in the 4 th grade of elementary school (mean age: 10 years 0 months; 10 girls and 10 boys), and the last twenty children were in the 6 th grade of elementary school (mean age: 12 years 0 months; 7 girls and 13 boys). The children were selected from the whole ability range, although those who were considered by their teachers to have specific learning or behavioral difficulties were excluded. The children had no documented brain injury, socio-cultural disadvantage, or behavioral problems. The children only participated when they, as well as their teachers and their parents consented. 
Materials and Procedure
The children were individually tested in the month of May. At that moment, even the 2 nd graders had learned how to solve simple addition problems (up to 20) and simple multiplication problems (up to 100). All children were administered a simple-arithmetic task in which they had to solve addition and multiplication problems, and a reading-span task to test their complex working-memory span.
Simple-arithmetic task. All children solved 56 simple addition problems and 56 simple multiplication problems. The problems were constructed from all the possible pair-wise combina-tions of the integers 2 to 9 with tie problems (e.g., 2 + 2, 2 x 2) excluded. For both addition and multiplication problems, small problems were defined as problems with a product smaller than 25 and large problems as problems with a product larger than 25. The order of operation was counterbalanced for all grades. For 2 nd graders only, the addition and multiplication test were administered on two consecutive days, so as to keep the total session load manageable. For 4 th and 6 th graders both operations succeeded each other immediately. For each operation, five practice trials were presented to let the children get used to the task and the material.
The problems were presented one at a time in the centre of a computer screen. A trial started with a fixation point for 500 milliseconds. Then the problem was presented horizontally in Arabic format as dark-blue characters on a light-grey background, with the operation sign (+ or x) at the fixation point. Children were asked to verbally state their answer as soon as they knew it. The problem remained on screen until the child responded. Timing began when the stimulus appeared and ended when the response triggered the sound-activated relay. To enable this sound-activated relay, children wore a microphone which was activated when they spoke their answer aloud. This microphone was connected to a software clock accurate to 1 ms. The experimenter entered the answer by means of the numerical path of the keyboard. On each trial, visual feedback was presented to the children, a happy face (smiley) when their answer was correct, and a sad face when their answer was incorrect.
Immediately after having solved the problem, children were asked to report verbally which strategy they had used to solve the problem. Taking into account the literature on strategy use in simple arithmetic, a distinction was made between three levels of strategies, namely
Retrieval, Transformation, and Counting. Retrieval was explained as "remembering or knowing the answer directly from memory". If children said that the answer "just popped into their head", their strategy was coded as retrieval. Transformation was explained as "deriving the answer from some known facts" Examples were given, such as making an intermediate step to 10 (e.g.,
8 + 5 = 8 + 2 + 3; 9 x 4 = 10 x 4 -4) and using a tie in order to solve a non-tie problem (e.g., 6 + 7 = 6 + 6 + 1; 5 x 6 = 5 x 5 + 5). Counting was explained as "step-by-step counting to get the answer. For addition, this meant counting one-by-one, e.g., 4 + 3 = 4…5…6…7. No distinction was made between finger counting, counting all, or counting from the larger addend. For multiplication, counting meant (subvocally) reciting the multiplication tables, e.g., 8 x 3 = 8…16…24. A fourth category 'Other' was added to cover the case when the children used another strategy or did not know which strategy they had used. All incorrect trials and all trials that were corrupted due to failure of the voice activated relay were repeated at the end of the block to decrease the amount of data loss.
Reading-span task. This is a complex working-memory span task, in which materials (i.e.
words) have to be maintained in memory while other information (i.e., sentences for comprehension) has to be processed. This task differs from simple short-term memory tasks in which small amounts of materials have to be maintained and recalled without any processing load being imposed. The reading-span task (Daneman & Carpenter, 1980 ) is a classical example of a complex working-memory task. In this task, participants have to read sets of increasing numbers of sentences aloud while retaining words in memory. Our Dutch reading-span task (see also De
Jonge & De Jong, 1996) included two practice trials (consisting of two sentences) and two trials for each consecutive number of sentences (range: 2 -7 sentences). The sentences were presented on a sheet of paper one-by-one and the child had to read them aloud. At the end of each sentence, a word was given by the experimenter, which had to be stored in memory. At the end of each sentence set, the child had to reproduce all words in the order in which they had been presented by the experimenter. As the number of sentences increased, the number of words-toretain increased as well. For example, if the child had read 4 sentences after which each time a word was provided, the correct response after having read all the sentences consisted of 4 words. If the child failed at remembering the words in two sets with the same number of sentences/words, the reading-span task was stopped. The score on this task was the number of correctly remembered words (range: 4 -54 words).
Results
Of all trials, 13% was spoiled due to failure of the sound-activated relay. Since all these invalid trials returned at the end of the block, most of them were recovered from data loss, which reduced the trials due to failure of the sound-activated relay to 3%. Further, all trials on which children had used a strategy of the 'Other' category (0.3%) were deleted. Finally, all the response times (RTs) more than 3 standard deviations from each participant's mean (per operation) were discarded as outliers (2%).
The results section is divided into two parts. First, analyses of variance (ANOVAs) were carried out to investigate age-related effects on strategy selection and strategy efficiency; problem size and operation taken into account. Second, regression analyses were performed to test whether working-memory span plays a role in children's simple-arithmetic strategy use. All reported results are considered to be significant if p < .05, unless mentioned otherwise.
Analyses of variance
Strategy selection. The children used several strategies to solve the simple-arithmetic problems. Not all strategies were chosen equally frequently, however. As can be seen in the upper panel of Figure 1 , children of all grades most often chose retrieval to solve addition problems with sums smaller than 10. As soon as the sum was larger than 10, a tremendous decrease in retrieval use was observed. The 2 nd and 4 th graders chose the transformation strategy more often than direct memory retrieval on problems with a solution above 10. For the 6 th graders, in contrast, retrieval was the most frequently used strategy to solve addition problems with sums both smaller and larger than 10. Analyses on the subject level showed that only eleven children used retrieval on all addition problems, two 2 nd graders, one 4 th grader and eight 6 th graders.
The lower panel of Figure 1 shows the strategy choice pattern for multiplication problems. Here, retrieval use tended to decrease linearly with increasing problem size, whereas the frequency of transformation increased as problem size became larger. Another striking difference with the strategy choices for addition problems is that direct memory retrieval was the most popular strategy already from 2 nd grade on and on all problem sizes. Analyses on the subject level showed that fourteen children used retrieval on all multiplication problems, one 2 nd grader, two 4 th graders and eleven 6 th graders. The very infrequent use of counting (in both addition and multiplication) was probably due to the curriculum in Belgium, which strongly advices children against using this strategy.
Insert Table 1 ). The main effect of grade was significant, F (2, 57 This age-related pattern also explains why percentages of retrieval use did not differ across addition and multiplication problems in 2 nd graders, F(1,57) < 1: Retrieval was used as frequently for both operations. Percentages retrieval use did not differ across operations in 6 th graders either, with very frequent retrieval use on both addition problems and multiplication problems, F(1,57) < 1. In the 4 th grade, however, percentages retrieval use were larger on multiplication problems than on addition problems, F(1,57) = 11.1.
Insert Table 1 Table 2a ). The main effect of grade was significant, F(2,57) = 65.2, MS e = 1380585. Retrieval RTs linearly decreased as children were older, as confirmed by a planned comparison with linear contrast, F(2,57) = 113.3. We first tested whether this increase in retrieval efficiency differed between small and large problems.
The main effect of problem size was significant, F(1,57) = 116.6, MS e = 225284, with faster retrieval on small than on large problems. Moreover, the retrieval problem-size effect (retrieval RTs on large problems -retrieval RTs on small problems) was significant in all grades, F (1, 57 We then tested whether the increase in retrieval efficiency differed across operations.
Retrieval was faster on addition problems than on multiplication problems, F(1,57) = 6.2, MS e = 448058, but operation did not interact with grade. The age-related increase in retrieval efficiency thus runs parallel for addition and multiplication.
Insert Table 2 
about here
Retrieval efficiency: accuracy. An Arcsin transformation was applied to the proportions of correct solutions. The same 3 x 2 x 2 ANOVA was conducted on these Arcsin transformed values. To enhance comprehension however, Table 3a depicts percentages of correct answers.
The main effect of grade did not reach significance, F(2,57) = 1.9, but planned comparisons showed a significant increase in retrieval accuracy between 2 nd and 4 th grade, F(1,57) = 3.6, and no difference between 4 th and 6 th grade, F(1,57) < 1. Small problems were retrieved significantly more accurately than large problems, F(1,57) = 9.8, and this effect did not change across age [i.e., no grade x problem size interaction, F(2,57) < 1]. There was also a trend towards higher accuracies on addition problems than on multiplication problems, F(1,57) = 3.3 with p = .07, but this effect did not change across age either [i.e., no grade x operation interaction, F(2,57) < 1].
Insert Table 3 about here
Procedural efficiency: latency. The same 3 x 2 x 2 ANOVA was conducted on correct procedural RTs (see Table 2b and footnote 2 We also tested whether the increase in procedural efficiency differed across operations.
The main effect of operation was significant, with higher procedural efficiencies on addition problems than on multiplication problems, F(1,57) = 52. We then tested whether the increase in procedural efficiency differed across operations.
Accuracies were higher on addition problems than on multiplication problems, F(1,57) = 14.6.
Operation also interacted with grade, F(2,57) = 3. Summary. Analyses of variance were run to answer two questions formulated in the introduction. Concerning the first question (Are all three sources of the problem-size effect present in children and do they change across age?), results showed that two sources of the problemsize effect were present in all grades, namely more frequent retrieval use on small than on large problems, and more efficient retrieval use on small than on large problems. The third source of the problem-size effect, more efficient procedural use on small than on large problems, was only present in the 2 nd grade. Moreover, the different sources of the problem-size effect changed across age: The decrease in the size of the problem-size effect was first (i.e., between 2 nd and 4 th grade) due to more efficient retrieval use and more efficient procedural use, after which (i.e., between 4 th and 6 th grade) it was due to more frequent retrieval use.
Concerning the second question (Does children's simple-arithmetic strategy use differ between addition and multiplication, and does this difference change across age?), results
showed that the improvement in strategic performance (more frequent retrieval use and more efficient procedural use) on multiplication was especially apparent between 2 nd and 4 th grade.
The improvement in strategic performance on addition, in contrast, was especially apparent between 4 th and 6 th grade. Finally, the age-related improvement in retrieval efficiency was equally large for addition and multiplication. In the next section, regression analyses are run to test the role of working-memory span in children's simple-arithmetic strategy use across the primary school years (cfr. our third research question).
Regression analyses
Before presenting the results of the regression analyses, we first report children's performance on the working-memory span task, which is one of the predictors used in the regression analyses. Children's performance on the working-memory span task was tested with an ANOVA with Grade (2, 4, 6) as between-subjects factor. As expected, the main effect of Grade 4.2, respectively). The question now is whether complex working-memory span plays a role in strategy selection or strategy efficiency. More precisely, we will test whether working-memory span predicts variance in percentages of retrieval use, retrieval latencies, and procedural latencies. To this end, correlation and regression analyses were conducted for each dependent variable (i.e., retrieval use, retrieval latency, and procedural latency 3 ) separately.
Retrieval use was regressed on working-memory span, problem size 4 , and operation.
Retrieval latency and procedural latency were regressed on the same three variables and on percentage retrieval use as well. Doing so, we wanted to test Siegler's (1988) prediction that retrieval frequency should correlate with retrieval efficiency but not with procedural efficiency.
Indeed, both retrieval frequency and retrieval efficiency are in his model of strategy choice dependent on the peakedness of problem-answer associations, whereas procedural efficiency SIMPLE-ARITHMETIC STRATEGY USE 20 depends on the difficulty of executing the particular procedure. Correlation results can be found in Table 4 and regression results can be found in Table 5 .
Insert Tables 4 and 5 with more efficient procedural strategy execution on small than on large problems. Workingmemory span was predictive in all grades as well, but the relation between span and procedural efficiency changed across grades. High-span 2 nd and 4 th graders were more efficient procedural strategy users than were low-span 2 nd and 4 th graders, but high-span 6 th graders were less efficient procedural strategy users than were low-span 6 th graders. Span-related differences in strategy selection can explain this unexpected result. Indeed, retrieval was used more frequently in high-span 6 th graders (85%) than in low-span 6 th graders (78%), and this difference was larger for large problems (79% vs. 69%) than for small problems (91% vs. 87%). Consequently, highspan 6 th graders used procedural strategies to solve the largest problems only, which results in large procedural RTs in high-span 6 th graders. Indeed, procedural RTs for large problems were larger for high-span than for low-span 6 th graders (3707 ms vs. 3089 ms, respectively), whereas procedural RTs for small problems did not differ between high-span and low-span 6 th graders (2772 ms vs. 2533 ms, respectively). Operation and percentage retrieval did not predict procedural efficiency in any grade.
Summary. The advantage of having a large working-memory span decreased across grades, especially regarding retrieval frequency and retrieval efficiency. More specifically: (1) working-memory span significantly predicted retrieval frequency for 2 nd graders but not for 4 th and 6 th graders, and (2) working-memory span predicted retrieval efficiency for 2 nd and 4 th graders but not for 6 th graders. Comparably, the execution of procedural strategies benefited from a high working-memory span in 2 nd and 4 th grade only. Because high-span 6 th graders used procedural strategies almost exclusively on large problems, procedural efficiency decreased for these children. Strategy efficiency data were thus influenced by the children's strategy choices.
This bias can be avoided by using the choice/no-choice method (Siegler & Lemaire, 1997) , as discussed further in this paper. A final interesting observation was that, as predicted by Siegler (1988) , percentage retrieval use did predict retrieval efficiency but not procedural efficiency.
General Discussion
Children's arithmetic strategic performance increased with age: older children used memory retrieval more often, were faster and more accurate in retrieving arithmetic facts, and were faster and more accurate in executing procedural strategies. In the remaining of this chapter, we discuss whether or not (and from which moment on) children's arithmetic strategy use resembles adults' arithmetic strategy use. We successively discuss the problem-size effect, operation-related effects, and the role of working-memory span. The discussion section ends with an evaluation of the present results within a model of arithmetic strategic performance.
The problem-size effect From 4 th to 6 th grade, retrieval use increased for large problems but not for small problems. As such, the problem-size effect caused by strategy selection processes became smaller from 4 th grade on. However, the retrieval strategy was more frequently used on small than on large problems in all age groups. Strategy selection processes were thus a significant source of the problem-size effect in 2 nd , 4 th , and 6 th graders. From 2 nd to 4 th grade, retrieval and procedural efficiencies increased for large problems but not for small problems. This way, the problem-size effect caused by strategy efficiency processes became smaller from 2 nd grade on. However, the retrieval problem-size effect (i.e., the difference in retrieval RTs between large and small problems) stayed significant in all grades. The procedural problem-size effect (i.e., the difference in procedural RTs between large and small problems), in contrast, was significant in 2 nd grade only.
Thus, whereas problem size affected retrieval frequency and retrieval efficiency in all age groups, problem size affected procedural efficiency in 2 nd grade only.
Importantly, previous studies showed that all three size-related effects on strategy use (i.e., less frequent retrieval use for large than for small problems, lower retrieval efficiency for large than for small problems, and lower procedural efficiency for large than for small problems) are significant sources of the problem size effect in adults (e.g., Campbell & Xue, 2001 ). The first two factors were significant in the current child study as well. Concerning the third factor, something strange occurred: the procedural problem-size effect was present in 2 nd grade but disappeared in 4 th and 6 th grade. However, it reappeared in secondary-school children (Imbo et al., in press ). The proficiency for solving small and large problems equally efficiently by means of procedures is probably caused by practice and schooling effects. As soon as children finish elementary school, such effects disappear, resulting in less efficient procedure execution, especially for large problems. Comparable effects have been reported by Geary (1996) , who observed that the problem-size effect disappeared and reversed between 1 st and 3 rd grade Chinese children, but re-appeared in Chinese adults. The investigation of the appearance, disappearance, and re-appearance of the problem-size effect across lifetime provides interesting ideas for future research.
To conclude, the decreasing problem-size effect was associated with an increase in strategy efficiency for younger children and with an increase in retrieval frequency for older children. Moreover, the size-related effect on strategy efficiency did not change anymore from 4 th grade on. Since De Brauwer et al. (2006) observed that the problem-size effect remains equally large from 6 th grade on till adulthood; we might conclude that children from 4 th grade on have developed a memory network that strongly resembles the adult memory network. This conclusion is in agreement with previous studies which maintain that mental-arithmetic networks might be completely operational from 3 rd grade on (e.g., Ashcraft & Fierman, 1982; Koshmider & Ashcraft, 1991; Lemaire, Barrett, Fayol, & Abdi, 1994) .
Differences between addition and multiplication
Children of all age groups retrieved addition facts more efficiently (i.e., faster and more accurately) than they retrieved multiplication facts. Comparable effects have been observed in adults (e.g. Campbell & Xue, 2001; Hecht, 1999; Imbo et al., in press ). Importantly, the main effect of operation in retrieval efficiency (i.e., more efficient retrieval use for addition than for multiplication) did not change across the primary school years. This indicates consistent changes in the speed with which addition and multiplication facts are retrieved from long-term memory. Thus, although the addition and multiplication network may differ across age groups in general (i.e., main differences in retrieval speed), their development seems to run fairly parallel (i.e., no interaction between age and operation). Otherwise stated, addition and multiplication involve similar retrieval processes across childhood (this study) and in adulthood (e.g., Campbell & Oliphant, 1992; Geary, Widaman, & Little, 1986; Miller, Perlmutter, & Keating, 1984) .
Another persistent effect in adults is that retrieval is used more frequently in multiplication than in addition (e.g. Campbell & Xue, 2001; Hecht, 1999; Imbo et al., in press) . Surprisingly, in the current study, this operation-related effect on strategy selection was significant in 4 th grade only. In 2 nd grade, where children only start to learn the multiplication tables, retrieval was used as frequently in addition as in multiplication. However, multiplication fact retrieval significantly increased from 2 nd to 4 th grade, an effect that was probably due to the great emphasis of the Belgian school system on the memorization of multiplication tables. Because the amount of retrieval use in multiplication reached in 4 th grade (81%) was comparable to that observed in Belgian adults (73% -88%; Imbo et al., in press; Imbo & Vandierendonck, in press(c), 2007) and in North-American adults (64% -88%, Campbell & Xue, 2001) , there was no space left for another increase in retrieval use. Thus, for multiplication, children from 4 th grade on may already have developed a complete memory network that strongly resembles an adult network (see also , 2006) . For addition, retrieval use still increased from 4 th to 6 th grade. This effect should be attributed to general practice effects (e.g., increases in processing speed) rather than to specific training effects (e.g., explicit memorization of addition facts).
Finally, procedural efficiency was higher in addition than in multiplication, an effect observed in adults as well (e.g. Campbell & Xue, 2001; Hecht, 1999; Imbo et al., in press ). All age groups showed higher efficiencies in addition than in multiplication and this effect boosted from 4 th grade on. Indeed, between 2 nd and 4 th grade, procedural efficiency increased for multiplication but not for addition. This early increase in multiplication efficiency might be related to two facts. First, multiplication is heavily trained from 2 nd grade on. As noted above, children are taught to solve multiplication problems very fast and accurately. Obviously, increases in procedural efficiency are the precursors of increases in retrieval use. Second, multiplication strategy efficiency is more susceptible to change than addition strategy efficiency. In a previous study, we observed that adults' daily arithmetic experience (e.g., the amount of arithmetic lessons in secondary school) influenced multiplication efficiency but not addition efficiency (Imbo et al., in press ). Moreover, when explicitly practicing arithmetic problems, effects were larger in multiplication efficiency than in addition efficiency (Imbo & Vandierendonck, 2007) . These effects can be accounted for by the relative efficiency of procedural strategies for addition and multiplication.
Indeed, in both children and adults, addition strategies are far more efficient (i.e., faster) than multiplication strategies. Consequently, it is less demanding to increase multiplication efficiencies than to increase addition efficiencies. Strategy selection and strategy efficiency processes in other arithmetic operations (such as subtraction and division) have been investigated less frequently (but see Campbell & Xue, 2001; Imbo & Vandierendonck, in press(b,c) ; Robinson et al., 2006; Seyler et al., 2003) and are an issue for further research.
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The role of working memory Working-memory span was related to strategy selection in 2 nd grade only. High-span 2 nd graders used retrieval more frequently than did low-span 2 nd graders, but this effect disappeared in 4 th and 6 th graders. Up until now, the relevance of working memory in children's strategy selection process was equivocal, since some studies observed a correlation between workingmemory span and retrieval use (e.g., Barrouillet & Lépine, 2005) , whereas others did not (e.g., Geary et al., 2004) . The current study suggests that strategy selection processes tend to rely on working-memory resources in young children only. This runs parallel to adult studies which observed that working memory is not needed in strategy selection (e.g., Hecht, 2002; Imbo & Vandierendonck, in press(b,c) ).
Working-memory span was related to retrieval efficiency in 2 nd and 4 th grade, with less efficient retrieval use in low-span children than in high-span children. Less efficient retrieval use in low-span children than in high-span children has been observed earlier (e.g., Barrouillet & Lépine, 2005) . Apparently, low-span children develop flatter distributions of problem-answer associations, resulting in less frequent and less efficient retrieval use. However, with growing age and increasing practice and schooling, even low-span children can develop peaked distributions of problem-answer associations. Consequently, the differences between low-span children and high-span children decrease across primary school years. In adults, the role of workingmemory in strategy efficiency has been investigated by means of dual-task studies rather than correlational studies. The evidence is equivocal: Hecht (2002) observed no effects of workingmemory load on retrieval efficiency whereas Imbo and Vandierendonck (in press(b,c) ) did observe less efficient fact retrieval under working-memory load. Future research is needed to specify the relation between working memory and direct fact retrieval in both children and adults.
Finally, procedural efficiency was also related to working-memory span. In 2 nd and 4 th grade, low-span children executed procedural strategies less efficiently than did high-span child-
ren. A significant role of working memory in procedural strategy execution has been observed in adults as well (e.g., Hitch, 2002; Imbo et al., in press(b,c) Surprisingly, we observed higher procedural efficiencies in low-span 6 th graders than in high-span 6 th graders. We suppose that this effect was due to an artifact. Indeed, high-span 6 th graders used procedural strategies to solve the largest problems only, which might have increased their procedural RTs relative to low-span 6 th graders, who used procedural strategies on smaller problems as well. This artifact occurred because we only used a choice condition, in which strategy efficiency data are biased by strategy selection effects (Siegler & Lemaire, 1997) .
Such a bias would have been avoided by using the choice/no-choice method (devised by Siegler & Lemaire, 1997) , which not only entails a choice condition, but also no-choice conditions. In nochoice conditions, participants are asked to use one single strategy to solve all problems. In a recent study using the choice/no-choice method, we indeed showed that loading 6 th graders'
working-memory resources resulted in less efficient procedural strategy use (Imbo & Vandierendonck, in press(a) ).
Finally, it should be noted that the advantage of having a large working-memory capacity decreased across age. The relation between working-memory span and retrieval frequency was not significant anymore from 4 th grade on, and the relation between working-memory span and retrieval efficiency was not significant anymore from 6 th grade on. These results are consistent with Ackerman's (1988) findings. Specifically, working memory is most important during the initial phase of arithmetic-skill acquisition and its role declines as procedures are used less frequently and facts become represented in long-term memory. Working-memory resources might thus be needed to achieve a complete representation of number facts in long-term memory (e.g., Geary, 1990; Hitch & McAuley, 1991; Siegler & Shrager, 1984) , which explains the correlation between working-memory span and retrieval use in the younger children. However, once the number facts are completely represented in long-term memory, fact retrieval becomes more automatic and less effortful, resulting in smaller arithmetic-performance differences between high-span children and low-span children.
A model of strategic change
In the ASCM (Siegler & Shipley, 1995) , outlined in the introduction, people have several strategies available and try to choose the best one. Strategy selection occurs on the basis of knowledge on each strategy's efficiency. Each time a simple-arithmetic problem is solved correctly, the problem-answer association increases, resulting in a more peaked distribution of problem-answer associations. The more peaked the distribution of problem-answer associations, the more frequently retrieval is used; while the use of procedural strategies vanishes. This reasoning fits with our data, since the frequency of retrieval use increased across age.
Across age, the efficiency of both retrieval and procedural strategies increased as well.
This observation can also be accounted for by the ASCM. Indeed, each time an answer is retrieved from long-term memory, the problem-answer association is strengthened. As outlined above, this results in more peaked distributions of problem-answer associations and thus in more efficient retrieval use. Each execution of a procedural strategy brings an increase in the strategy's speed and a decrease in its probability of generating an error. The ASCM thus accounts for age-related increases in both retrieval efficiency and procedural efficiency.
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To summarize, in the ASCM, both retrieval frequency and retrieval efficiency depend on the peakedness of the problem-answer association, whereas procedural efficiency does not. We tested the hypothesis that the frequency of retrieval use would be highly correlated with retrieval efficiency but not with procedural efficiency. Regression results confirmed this prediction, since the frequency of retrieval use was highly predictive of retrieval efficiency in all grades, whereas the frequency of retrieval use was not predictive of procedural efficiency.
In the following, we verify whether the ASCM is able to account for the size-related, operation-related, and resource-related results observed in children and adults. First, what does the ASCM tell about the problem-size effect? Because small problems are more frequently encountered, young children develop peaked problem-answer associations for small problems and relatively flat problem-answer associations for large problems. They might also set larger search lengths for small problems, because they are taught that small problems should be retrieved in any case. More peaked problem-answer associations and larger search lengths for small problems than for large problems results in increases in retrieval frequency for small problems but not in increases in retrieval efficiency for small problems, which is exactly what we observed between 2 nd and 4 th grade. However, as children grow older, the emphasis shifts towards large problems. This results in more peaked problem-answer associations for large problems and thus in more frequent retrieval use for large problems, as observed between 4 th and 6 th grade.
However, some results are more difficult to explain by the ASCM. Theoretically, the ASCM predicts that extensive practice should create equally peaked problem-answer associations for small and large problems. Accordingly, retrieval frequency and retrieval efficiency should be equal in small as in large problems. Such effects, however, have not yet been observed; the retrieval problem-size effect is still present in adults (e.g., Campbell & Xue, 2001; Imbo et al., in press; LeFevre et al., 1996a LeFevre et al., , 1996b , even after explicit practice (e.g., Imbo & Vandierendonck, 2007) . One explanation for the persisting problem-size effect is that adult's problem-answer associations for small problems are still stronger for small problems than for large problems. Another explanation is based on interference effects (Campbell, 1987 (Campbell, , 1995 answers to large problems undergo stronger interference effects than do answers to small problems, resulting in less efficient retrieval for large than for small problems. Future research is needed to clear up the persistent nature of the problem-size effect across lifetime.
Second, what can the ASCM tell about the differences across addition and multiplication? More frequent retrieval use for multiplication than for addition suggests more peaked distributions of associations for multiplication than for addition. However, multiplication facts are retrieved less efficiently than addition facts, which suggests rather the opposite (i.e., more peaked distributions for addition than for multiplication). Thus, although the notion of peaked and flat distributions is relevant within each operation (i.e., peaked distributions predict frequent and fast retrieval use), it is not clear how this notion can account for differences in retrieval frequency and retrieval speed across operations. One possibility is that the search length is larger for multiplication than for addition. Indeed, this would result in more frequent retrieval use for multiplication than for addition and in less efficient (i.e., slower) retrieval use for multiplication than for addition. The more efficient procedural use for addition than for multiplication can easily be accounted for by the ASCM, in which procedural efficiencies are based on the amount and the difficulty of steps. Because fewer increments of counting steps are needed in addition procedures than in multiplication procedures, procedural strategies are much easier to implement in addition than in multiplication.
Finally, we consider whether the ASCM may account for the role of working memory in strategic performance. Although working memory is not explicitly included in the ASCM, it has been predicted (e.g., Geary, 1993 Geary, , 1994 that low-span children use slow counting procedures, which lead to delays in problem encoding and consequently to weak problem-answer associations and flat distributions of associations. High-span children, in contrast, develop strong problem-answer associations and more peaked distributions of associations, resulting in more fre-quent and more efficient retrieval use. More frequent and more efficient retrieval use in highspan children than in low-span children is exactly what we observed. However, with growing age and experience, even low-span children may develop strong problem-answer associations and more peaked distributions of associations. Hence, the differences in retrieval performance between low-span and high-span children should decrease across the primary school years, as was observed in the current study.
It should be noted, however, that other models may also account for the relation between working-memory span and retrieval performance. The time-based resource-sharing model of working memory (Barrouillet et al., 2004) , for example, predicts that lower working-memory resources reduce the amount of attentional resources available to activate knowledge from longterm memory (see also Cowan, 1999; Lovett et al., 1999) . Consequently, poor working-memory resources not only impair the formation of associations in long-term memory but also the retrieval of existing associations. In other models (e.g., Engle, 2001; Engle, Kane, & Tuholski, 1999) , lower working-memory resources reduce the ability to resist interference, which might also result in less efficient retrieval performance. Thus far, our and other's results (e.g., Barrouillet & Lépine, 2005) do not contradict the theories mentioned above. Future research is thus needed to investigate the predictive value of several models in the domain of mental arithmetic and cognitive strategy use, and more specifically to investigate the specific role of working memory in retrieval frequency and retrieval efficiency. (1) 99 (1) 100 (1) Large 95 (1) 98 (1) 98 (1) Multiplication Small 95 (1) 99 (1) 98 (1) Large 96 (1) 97 (1) 95 (1 
